Main outcome measures-Broad band ultrasonic attenuation (BUA) index, Clifton assessment procedures for the elderly test (for cognisance), and mobility on a six point scale, and fracture of the hip in the subsequent two year period.
Setting-21 Private or 38 local authority residential homes for the elderly and 4 geriatric hospitals in Doncaster and Hull.
Subjects-1414 Ambulant women aged over 69, in private or local authority residential care or geriatric care. Those who had had bilateral hip surgery were excluded.
Main outcome measures-Broad band ultrasonic attenuation (BUA) index, Clifton assessment procedures for the elderly test (for cognisance), and mobility on a six point scale, and fracture of the hip in the subsequent two year period.
Results-73 Women fractured their hip during the two years. Their mean age was not significantly different from that of the women who did not have a fracture (85.3 (SD 5.6) v 83-9 (6.3); p=0.07), but their mean BUA index (40.3 (19-3) v 50*9 (22.2) db/MH2), and score for cognisance (median 19 (interquartile range 10-5-27-0) v 24 (17-30)) were significantly lower (both p<0001). These variables had independent associations with fracture of the hip. Women with fractures had a significantly lower score for the psychomotor component of the cognisance test (4.5 (1-8) v 7 (2-10); p<0.0025 and were significantly more mobile (1 (1-3) v 3 (1-6); p<002). Subdividing women according to high, medium, and low scores for BUA index and cognisance testing disclosed a high risk group (118 women) with low BUA index and cognisance score, whose incidence offracture was 12-8%; in the group at lowest risk (136 women) with high BUA index and cognisance score, the incidence of fracture was only 1-5% (relative risk (95% confidence interval -2-0 to 35.5)). Further analysis showed that those most at risk were, additionally, most mobile but that less mobile women with good cognisance had a low incidence of fractures, regardless of the BUA index, (1-2%, high index, v 0 9%, low index).
Conclusions-Elderly women most at risk of sustaining hip fractures were those with low BUA index, low cognisance test score, and high mobility.
Improving bone strength and cognisance in elderly women may reduce their incidence of hip fracture.
Introduction
About a fifth of orthopaedic beds are occupied by patients with fracture of the hip.' The incidence has doubled in the past 25 years, and as the number of elderly people in the population continues to increase there is justifiable concern about this modern orthopaedic epidemic.2 Retrospective studies suggest that osteoporosis is a risk factor for hip fracture,34 but the propensity to fall and the neuromuscular response may be equally important. 5 We conducted a prospective study in a population of 1414 elderly women in residential care to assess the relative importance ofosteoporosis (measured by a new ultrasound technique), cognisance, and mobility as risks for subsequent fracture.
Subjects and methods
We invited women aged 70 or above living in private residential homes or local authority homes for the elderly or in geriatric care within the catchment areas of Doncaster and Hull Royal Infirmaries to participate in the study. Women who were unable to walk with assistance and those who had had previous bilateral hip surgery were excluded.
Broad band ultrasonic attenuation (BUA) of the os calcis was used to assess osteoporosis with an Osteosonics Ultrasonic Bone Analyser 1001. 6 The foot was placed in a water bath and seated on a heel plate.
An anthropometric ankle measurement ensured that the os calcis was centred between transmitting and receiving ultrasound transducers. By subtracting a water trace it was possible to measure in decibels a linear increase in ultrasonic attenuation with increasing frequency over the range 0-2 to 0-6 MHz. ' The rate of increase of attenuation (in dB/MHz) was used as the index of assessment and is referred to hereafter as the BUA index. The technique is portable, inexpensive, and radiation free and is therefore ideal for this large epidemiological study. Cognition was measured with the Clifton assessment procedures for the elderly (CAPE) test with its three components-namely, information and orientation, mental ability, and psychomotor coordination.8 Mobility was assessed on a scale of 1 to 6 (box).
The assessments were made by independent examiners in each town at the place of residence, over nine months. Women who subsequently sustained a fracture of the hip were identified by visiting the orthopaedic wards of the two hospitals twice a week for a mean two year period. A visit to all the homes and geriatric wards at the end of the study was used as a final check.
Student's t test was used for statistical comparisons of age and BUA index between the populations in which fractures were and were not sustained. The
Mann-Whitney U test was performed on the nonparametric assessments of the CAPE test and mobility score.
Results
In all, 1414 women, 743 from Doncaster and 671 from Hull, were recruited into the study. The mean ages of the populations were 83-4 (SD 6 2) and 84-6 (6 4) respectively, the Hull population being significantly older, with a mean difference of 1-2 (95% confidence interval 054 to 1-86) years between the groups.
During the two year period 37 and 36 women from the Doncaster and Hull populations respectively fractured their hips. Table I (table III) because of deafness, poor eyesight, and other communication difficulties. The remainder were given a score if the two other parts of the test were completed. The median score for mobility was higher for the women who sustained a fracture than for those who did not (1 (range 1-3) v 3 (1-6), p<0 02.)
The population was divided into three groups of high, medium, and low scores for BUA index and CAPE test, and the incidence of fracture of the hip was recorded in each of the nine subsets (fig 1) . In the 136 women with the highest BUA index and the best cognisance incidence of fracture was only 1 5% in the two year period whereas in the 141 with the lowest BUA index and poorest cognisance the fracture incidence was 12 8%. The incidence in the 118 women with a low BUA index but good cognisance was only 3-4% and in those 130 with poor cognisance but a high BUA index 6-2%.
The BUA index and the CAPE test score were independently significant (p=009) when a linear regression was performed on those two variables, and they were not significantly correlated (r=0 05).
The relative risk of fracture was 8-4 (95% confidence interval -2 0 to 35 5) between the high risk group (12-8%) and the low risk group (1-5% 98 )mental ability, and psychomotor coordination) were examined separately, probably because they are interrelated. Poor cognisance and osteoporosis may share a common factor such as impaired nutrition, but in this study they were not significantly correlated and were independent variables.
In osteoporotic women (with a low BUA index) and those with poor cognisance (low CAPE test score) the incidence of fractures was 12-8%, but in women with similar degrees of osteoporosis yet good cognisance it was only 3-4% (fig 1) . Women with poor cognisance probably had a propensity to fall, and this may be significant in relation to the incidence of hip fracture. It probably takes a fall for an osteoporotic woman to fracture the hip, and with good cognisance a fall is less likely. Similarly, in women with poor cognisance but good bone mass the rate of fractures was less than half that in those with poor bone mass (6- A fall is less hazardous for a woman with good bone % mass than for one with osteoporosis.
We found that the 73 women who fractured their hip were significantly more mobile than those who did not; many of the fractures occurred in osteoporotic women with poor cognisance who were very mobile. The less mobile women (with scores below median mobility score) with good cognisance (with scores above median CAPE test score) had a low incidence of fractures, B B UA index, irrespective of their BUA index (fig 2) , perhaps I re those above because they were less likely to fall.
This study shows that in our population of elderly women in residential care two important factors for hip CAPE test fracture were osteoporosis and cognisance and that e with high they acted to some degree independently. The increasi low risk, ing age specific incidence of hip fracture ' 
